An account of recent progress in microstructural modeling of creep fracture in polycrystalline materials is given.
Physical Mechanisms
Engineering components in high-temperature applications tend to develop cracks during use, while some components even contain crack-like defects at the moment they go into service. The resulting stress and strain concentrations cause the cracks to grow which ultimately leads to failure. Close observation of the fracture surface in polycrystalline materials reveals that the fracture is often intergranular and that the grain boundary facets are covered with small dimples or holes, being the remnants of grain boundary cavities.
It seems that creep fracture in polycrystalline materials starts with the nucleation of cavities at the grain boundaries. The cavities grow by the combined influence of diffusion and creep until they coalesce and form grain boundary microcracks. Final intergranular fracture occurs when the facetsized microcracks link-up with the macroscopic crack. This is often accompanied by grain boundary sliding, which tends to accelerate the damage process. These mechanisms have been well established and several overviews have appeared in the literature (e.g. Riedel, 1987 ).
Objective
Creep fracture spans a wide range of length scales; from the scale of individual cavities up to the scale of components and structures (see Fig. 1 ). For a thorough understanding of creep fracture all these length scales must be bridged. This poses an enormous challenge, since there are a number of competing mechanisms involved, each with its own characteristic time scale and stress dependence. Several modeling approaches can be identified in the literature, starting either at the macroscopic level (Figs. la,b ) or at the opposite microscopic level (Figs. ld,e) .
At the largest, macroscopic scale a crack is considered in a component or test specimen (see Fig.  la ). Fracture mechanics techniques are used to identify the appropriate load parameter (such as K\ and C*) to characterize the conditions at the crack tip. Similitude considerations make this a powerful approach to assess the reliability of structural components. At the second-to-largest scale (Fig. lb) , a damage zone can be identified at the crack tip, surrounded by a region of non-damaging, creeping material. Continuum damage techniques (e.g. Hayhurst et ai, 1984; Tvergaard, 1986 ) are used to incorporate the weakening effect due to cavitation damage.
On the other hand, at the truly microscopic level ( 
Numerical Model
To simulate creep crack growth, a boundary layer approach is adopted, assuming that damage remains located to the crack tip and that the specimen geometry, crack length and remote loads are fully communicated through the amplitude C* of the near-tip mode I HRR-field. Figure 2a shows the circular domain of the boundary value problem under consideration (symmetry along the crack plane is assumed). This 'far-field' region is discretized using standard continuum elements accounting for elasticity and creep. Near the crack tip a process window is identified (Fig. 2b) , in which the material is built up as an aggregate of discrete hexagonal grains. Each grain is represented by a special-purpose, six-noded element -which we termed grain element-which accounts for elasticity and creep. The grain elements are connected by grain boundary elements that account for the nucleation, growth and coalescence of grain boundary cavities, while also grain boundary sliding is incorporated. Details concerning the precise implementation as well as a comparison against full-field finite element discretizations are discussed in (Onck and Van der Glessen, 1997). The small-scale damage assumption is satisfied by taking the dimensions of the process window (AQ, B 0 ) small compared to the radius r 0 of the circular domain, r 0 =100 AQ. After load is applied, cavities nucleate on the grain boundaries as a function of accumulated strain and normal facet stresses. The cavities grow by diffusion and creep until they are large enough to coalesce so that grain boundary microcracks are formed. Crack extension occurs when these microcracks link up with the initially present, macroscopic crack. A typical example of such a calculation is shown in Fig. 3 . It shows the deformed geometry in the process window (Fig. 2b) after crack growth from an initially sharp crack. Figure 3 allows for a direct comparison with micrographs of polished sections of failed test specimens. 
Recent and Current Research
Recent research has focused on simulating creep crack growth from a sharp and blunt crack tip. The method is shown to pick-up the effect of crack tip geometry on crack growth behavior as observed in experiments Van der Glessen, 1998a, 1999) . Size effects related to the specimen size/grain size ratio are investigated, showing that the crack growth rate and brittleness increase with grain size (Onck and Van der Glessen, 1998b). The sensitivity of the linking-up process to the grain boundary facet orientation is explored by looking at two perpendicular orientations of the regular hexagonal grain structure (Onck and Van der Glessen, 1998c).
In the above-mentioned boundary layer formulation it is assumed that in the series expansion of the near tip stress and strain fields the first term (the HRR field with amplitude C*) is dominant. However, at distances comparable to those over which microscopic damage mechanism act, second order and even third order terms may have a considerable effect on the stress fields. Current research focuses on the derivation of these higher order crack tip fields in power law creeping solids (Nguyen et al., 2000a) and their effects on intergranular creep fracture (Nguyen et al., 2000b) .
